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ABSTRACT 
Photogeological analysis o f  ERTS-simulation and ERTS-1 iaagery o f  snow- 
covered t e r ra i n  w i t h i n  the ERAP Feather Ri l fer  s i t e  and w i t h i n  the New 
England (ERTS) t e s t  area provided new f rac tu re  d e t a i l  which does not  
appear on available geological maps. Comparative analysis o f  snow- 
f ree  ERTS-1 Images has demonstrated tha t  MSS Bands 5 and 7 supply the 
greatest amount o f  geoioglcal f rac tu re  de ta i l .  
in terpreta t ion o f  the f i r s t  snow-covered EPTS-1 Images i n  co r re la t ion  
w i th  ground snow depth data indicate? t ha t  a heavy "blanket" o f  snaw 
(e.g., > 9 inches) accentuates major s t ructura l  features whi le a l i g h t  
"dusting", (e.g., < 1 Inch) accentuates more subt le topjgraphic ex- 
press ions. 
An e f fec t i ve  mail-based method f o r  acquir ing t imely ground-truth (snow- 
depth) information was established and provides a ready co;-relation o f  
f rac ture de ta i l  wi t h  snow depth so as t o  establ i s h  the working l i m i t s  
o f  the tkchnlque. The method 1s both ef f ic ient  and inexpensive com- 
pared wi th  the cost o f  s im i l a r l y  scaled d i r e c t  f i e l d  obscrvatlons. 
The technique o f  snow enhancement appears t o  afford a simple [and no- 
cost] means o f  edge enhancement during the snow-covered periods. In -  
creased tala1 contrasts along the snow-covered/snow-f ree In ter face 
provide a form o f  natural  edge enhancement f o r  low reso lu t ion imagery. 
The Invest igators suggest tha t  monl to r ing  va r ia t ion  i n  snow me1 t l n g  
and accumulation can supply unique f rac tu re  data unavai lab1 e during 
other seasons. 
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INTRODUCTION 
Photogeol ogical  analys is has tr- d l  t i o n a l l  y been conducted, whenever 
possible, using snow-free imagery on the assumption t h a t  snow-cover 
obscures geological  features. This apparently r e s u l t s  from a "no 
leaves and no snow" philosophy which has served as a c r i t e r i o n  f o r  
s ~ c c e s s f u l  a e r i a l  data acqu is i t i on  and which may be extended t o  
analysls o f  ERTS-2 imagery. 
The p r inc ipa l  i nves t i ga to r  recent ly  suggested t h a t  image~p o f  snow- 
covered t e r r a i n  was a much under -u t i l l zed source o f  photogeological 
data. This r e p o r t  i s  an up-to-date review o f  the  value and appl lc3-  
t l o n  o f  the  technique f o r  smal l - rcale low reso lu t i on  image cna lys ls .  
It describes the  spectra l  bands most useful  f o r  enhancing geological  
features i n  snow-covered te r ra in ,  present. a pre l iminary  evaluat ion 
of supplemental image enhancement techniques and demonstrates snow 
enhancement as a ~ho togeo log ica l  technlque. 
It i s  ant ic ipa ted t h a t  the e a r l y  repo r t i ng  o f  these r e s u l t s  w i l l  both 
introduce s c i e n t i s t s  t o  a usable photogeological technique, and prc-  
v ide  a useful  fcrum f o r  an interchange o f  ideas on the phenomena o f  
snow enhancement. 
BACKGROUND 
That snow cover may a c t u a l l y  be u t i l i z e d  as a photogeological t o o l  t o  
i d e n t i f y  f r a c t u r e  t races and f a u l t s  ( p a r t i c u l a r l y  under condi t ions o f  
low so lar  i l l um ina t ion )  was proposed by the P r inc ipa l  I nves t i ga to r  
i o l  lowing analys ls o f  Gemini, Apol lo and Nimbus photography. He 
suggested t h a t  moni t o r i n g  snow cover va r ia t i ons  i n  combinatiun wi  t h  
low anal e so la r  i l lum ina t ion  may serve t o  accentuate s u b t l r  f r a c t u r e  
traces and increase the detectabi  11 ty o f  topographical ly  - expressed 
bu t  subt le  gcol og ica l  s t ructure.  
Seasonal snow cover served as a photogeological t o c l  f o r  Woloshin 
(1965) and Loman (1967) t o  detect  the  extension of a f a u l t  i n  the 
East Sayan Mountains o f  the USSR. Rectnt ly, several p rev ious ly  un- 
mapped f rac tu res  and f a u l t s  i n  Alaska and western Cancda were d i s -  
covered u t i  1 i zing heavi 1 y snow-covered Nimbus imagery. 
The i ~ v e s t l g a t o r s  noted from analysis o f  Apol l o  photography t h a t  
f r a c t u r e  1 ineaments were f requent ly  accentuated by the marked b lack  
and whi te  tonal  contrasts , i .a. , between the dark-toned 1 lneaments 
and the b r i g h t  wh i te  tones o f  adjacent snow-cspped rocks. Snow 
enhancement served as an espec ia l ly  useful  technique f o r  exp lo l  t i n g  
low reso lu t ton  imagery. The technique has k e n  made ava i l ab le  to t ha  
mineral industry ~7 a step leading t o  cost-beneff t analysis o f  ERTS-1 
techno1 ogy . 
Geological s t ructure and 1 i thology exert  a strong i n f l  u e ~ c e  on surface 
r e l i e f .  Fractures ( j o i n t s  and fau l ts )  are usual ly more eas i ly  eroded 
than surrousding rock, producing 1 inear t o  curv i  1 inear surface depres- 
sions which are f requent ly imaged w i th  dark-tones . U t i  1 i z i  ng imagery 
wi th  snow cover, f ractures stand out i n  contrast  t o  surrounding 
t e r ra i n  because o f  (a)  an absence o f  scow cover, (b) accentuaton o f  
var iat ions i n  vegetatiS:- cover, and/or (c)  shadowing. The apparent 
absence o f  snow cover i s  a t t r i bu ted  t o  accelerated me1 t i n 9  rates induc- 
ed by the higher moisture content o f  srlbsurface mater ia ls i n  f rac tu re  
zones or, the o b s c u r a t i ~  o f  snow cover by vegetative overstory. 
Low angle s o l a r n a t i o n  provides a pseudo-radar e f fec t  and 
produces shadows which emphasize subt le r e l i e f  dif ferences. 
t a y  scale variances introduce unnecessary background d e t a i l  which 
slows the photogeologi s t  during h is  in te rp re t i ve  process. Snow-covered 
t e r ra i n  tends t o  reduce background "noise", thereby simpl i fy ing the 
in terpreta t ion process. For example, grass covered areas present a 
uniform and homogeneous appearance when the ground i s  t h i c k l y  snow- 
covered. The accompany1 ng reduction i n  overa l l  gray scale variance 
w i th  snow cover reduces the threshold o f  lineament detection, i n -  
creases the t o t a l  number o f  i den t i f i ab l e  lineaments, and reduces the 
number o f  "decisions" necessary fo r  automated machine process5 ng . 
ACGitionally, increased tons1 contrasts along a given snow-covered1 
snow-f ree in ter face provide a form o f  natural  edg& enhancement 'or 
low reso lu t ion imagery. 
Ncw snowfall patterns o r  d i f f e r e n t i a l  snow melt ing patterns w i t h i n  un- 
frozen mater ia ls are diagnostic o f  var ia t ions i n  the moistvr e content 
(and hence thermal propert ies) o f  surface and subsurface materials. 
This i s  s i gn i f i can t  i n  t h a t  f rac ture zones comnonly have higher 
moisture contents than surrounding mater ia ls . 
DESIGN AND ANALYSIS 
The invest igators are employing a low cost method f o r  obtaining ground 
t r u t h  infgrmation. A somewhat low density s n w  depth repor t ing net- 
work was organi ted w i t h i n  western Massachusetts and Connecticut w i t h  
assistance from the National Weather Service. A higher density new- 
work was subsequently developed by contacting neuspapers w i t h i n  both 
the primary New England t e s t  area (hssachusetts and Connecticut) 
3nd the secondary t e s t  area i n  Maryland and V i rg in ia  t o  e n l i s t  pub l i c  
support. Newspapers i n  areas lacking snow depth observers were se- 
lected t o  fedture an a r t i c l e  b r i e f l y  describing the ERTS Program, 
the Snow Enhancement Experiment and appeal f o r  pub l i c  support. 
Signi f icant  pub1 i c  i n t e res t  i n  the experiment and ERTS P r o g r a ~  was 
found t o  ex is t .  Readers have wr i t ten  t o  express a desire t o  p a r t i c i -  
pate as snow depth observers. These observers have supplemented the 
ex is t ing network (coordinated by Earthsat) which continues to  repor t  
snow depth data on a weekly basis. Coqpilat ion o f  snow depth data 
on 1 :250,000 scale photo base maps f a c i l i t a t e s  comparison o f  f rac tu re  
data y i e l d  w i th  snow depth f o r  the purpose o f  def in ing the optimum 
condit ions f o r  snow enhancement. 
I n  addi t ion t o  manual analysis o f  snow-covered imagery, several view- 
ing techniques are being u t i  1 i zed t o  speed acquisi t i o r  o f  f rac ture 
data from ERTS-1 imagery o f  snow covered areas. The techniques i n -  
clude addi t ive  co lor  presentations, f i l m  sandwiching, Ronchi gra t ing 
arid opt ica l  edge enhancement. Oblique imaging from l i g h t  a i r c r a f t  
under integrated condit ions o f  snow cover and low angle solar 
i 11 umination, provided addi t ional  opportuni t ies t o  detect subt le 
1 ineaments . Prel iminary evaluations of these techniques are discussed 
i n  the fo l lowing section. 
Pkotogeologic analysis ERTS-simulation and ERTS-1 imagery o f  snow- 
covered t e r ra i n  w i t h  the ERAP Feather River S i t e  and w i t h i n  the New 
England (ERTS) t e s t  area provided new f rac tu re  de ta i l  which d i d  nat  
aDpear on avai 1 able geological maps. Analysis o f  snow-free ERTS-1 
images (1 096-1 5065 and 1096-1 5072) indicates that numerous 1 i neamen t s  
can be mapped; analysis o f  comparative ERTS-1 imagery during snow- 
covered periods a1 lows for more rap id  f racture analysis and provides 
addi t ional  f rac tu re  de ta i l  (Figure 1). 
ERTS MSSIBands 5 and 7 were determined (by comparative analy t ica l  
tes ts )  t o  supply the greatest quant i ty  o f  f rac tu re  de ta i l ,  B S  Band 
4 supplied the l eas t  detai  1; MSS Band 6 c losely approximated the 
data y i e l d  o f  Band 7. Considering these resu l t s  i n  conjunction w i t h  
analysis o f  ERTS-simulation imagery, i t  i s  snlggested t ha t  the red 
reglon (approximately 580-700nm) i s  the optimum v i s i b l e  spectral 
region f o r  f rac tu re  analysis. The in f ra red  por t ion  o f  the spectrum 
best su i ted f o r  f rac ture mapping was the 800-1100nm (Band 7) spectral 
region which provided greater tonal contrast than the 700-800nm 
(band 6) region. 
Addi t ive (fa1 se) co lor  viewing yielded unique information on f racture-  
re la ted vegetative cover. Optical edge enhancement (Digicol) ,  f i l m  
sandwiching and use o f  a Ronchi gra t ing have a l l  been found t o  
FIGURE 1 : ERTS-1 image (1 132-1 5674-7) a t  1 :1,000,000 scat e acquired 
on December 2, 1972. The imaged area i s  partially snow-covered and 
includes Connecticut. southwestern Massachusetts and t h e  eastern edge 
of New York. The southern 1 i m i t a t i o n  o f  snow cover i s  indicated by 
a dashed 1 ine. Geographic reference points i nci ude Har t ford ,  
Connecticut ( F )  , Sprinqf ield , Massachusetts ( 5 )  , t h e  Hudson R i v e r  (H)  
and f lount  Tom ( 5 ) .  P a r t i a l  cloud cover ( C )  obscures ground detail, 
but can be dist inguished f r a  snow cover following c~re fu l  image 
ar~alysis. Bbsed on f i e l d  observat ions,  snow depths v a r y  from < 1 
inch j u s t  north o f  the l i n e  to 9 inches i n  the northwestern comer 
of the photo. Low angle solar i llvrnination (22  degrees) accentuates 
~ u b t l  e topographical t y  expressed features (€1 not a s  easi ly  detected 
w i t h  a higher sun angle. Northwesterly trending thrust  fau! t blocks 
( A )  are accentuated by a thick (approximately 9 inches) snow cower. 
Light-toned (enow-enhanced} 1 ineamen t s  (B]  approximate the d i r e c t i o n  
of recorded g l a c i a l  s t r i a t i o n s  and are probably o f  glacial o r f q i n .  
Q~rk-toned (snow- free) 1 i nearnents (arrows) represent a srcal 1 sarnpllng 
o f  mappa b l  e 1 i ;,eanwnts di  t h i  n the snow-covered areas. b cornple t e  
analysis i s  now i n  progress, Lineaments w i l l  be confirmed through 
subsequent geolaqi cal val i da t ion  procedures. Ana tysis was con? i ned 
to the area o f  greatest snow visfbfl i t y  within the western port'ons 
of Connecticut and Massachusetts. 
condi t i o r a l i y  y i e l d  addi t ional  f rac ture information, but fu r the r  study 
i s  needed t o  more completely define the u t i l i t y  o f  these techniques 
f o r  f rac ture df scr iminat i  on. 
Preliminary cor re la t ion o f  selected fractures wi th  snow depth ground 
data indicates t ha t  snow depth greater than was ant ic ipated by the 
investfgators (e.g . ) 9 inches) ~ r o v i d e s  s i gn i f i can t  topographic 
enhancement. It now appears tha t  th i ck  cover o f  snow (e.g. > 9 inches) 
zccentuates major topographically expressed geological features e .g. , 
th rus t  f au l t s  (Figure I ) ,  whi le a 1 i g h t  "dusting" (e.g . , <1 inch) 
accentuates subt le f rac tu re  trends. The importance o f  snow depth i n  
con t ro l l i ng  the de tec tab i l i t y  o f  geological structures w i l l  be r~lore 
f u l l y  defined fo l lowing rece ip t  and analysis o f  addi t ional  ERTS-1 
data. 
Low angle so lar  i l l umina t ion  produced topographic shadowing which 
emphasized subt le re1 i e f  dif ferences no t  as. apparent on snow-f ree 
imagery co l lec ted during autumn. Factors such as density and type o f  
vegetative cover and texture and permabi li t y  o f  surface material s 
inf luence the enhancement capab i l i t i es  o f  snow cover and have yet to  
be studied i n  de ta i l .  
ANTICIPATED BENEFITS 
The i n ~ e s t i g a t o r s  are tes t ing  benefits tha t  may be rea l ized through 
pract ica l  appl i ca t i on  o f  snow enhancement techniques. For example, 
comnercial f l y i n g  f i rms aay extend the period (from snow-free i n t o  
snow-covered periods) during which sat is factory  images for selected 
photogeol ogi ca l  studies can be acquired. I n  geological reconai ssance, 
bedrock outcrops may be more read i l y  located under condit ions o f  
d i f f e r e n t i a l  snow cover, i .e. increased snow f ree/snow cover tonal con- 
t ras ts .  Fracture data derived from the experiment w i l l  be provided 
t o  the Boston o f f i c e  o f  the U.S. Geological Survey who have been 
mapping the area f o r  over 8 years. 
The Pr incipal  Invest igator suggests t h a t  snow enhancement i s  a sfmple 
and no-cost form o f  edge enhancement, i .e., i t  can be useful i n  place 
o f  cost ly  e lect ron ic  edge enhancement i n  some cases. It i s  also sug- 
gested (but not  adequately tested) t ha t  snow enhancement w f l l  s imp l i f y  
autclmated recogni t ion o f  other geological features. For example, 
tne density (or absence) o f  overstory c ~ n t r o l s  the amount o f  ground 
snow cover which can be a e r i a l l y  sensed and therefore the spectral 
re turn of geobotani cal  indicators o f  mineral i zati  on. Certain cu l t u ra l  
features such as a i r p o r t  runways and highways could be i d e n t i f i e d  on 
snow-cover imagery, bu t  no t  on snow-free imagery OF comparabse re -  
solution. This was a t t r i bu ted  t o  the high cont rast  o f  tl,e dark-toned 
snow f ree  surfaces w i t h  the adjacent 1 ight-toned snow p i les .  
Navlgatlonal benef I t s  have already been r e a l  i zed by the Investigators 
I n  ERTS f l e l d  checking. 
Extension o f  snow enhancement techniques from temperate areas t o  areas 
o f  pemanent snow cover f o r  acquls l  t i o n  of geological data i s  1 I kely. 
Thls seems p a r t i c u l a r l y  t rue  since r e l a t i v e l y  deep snow (e.g .> 9 Inches) 
was found t o  enhance c e r t a i n  topographic features i n d i c a t i v e  o f  geolo- 
g l c  s t ruc ture .  
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